Penicillin-resistant staphylococci isolated from natural sources are characterized by the production of the enzyme penicillinase which is responsible for their resistance (Kirby, 1944) . In all other characteristics, resistant organisms resemble penicillin-sensitive strains of Staphylococcus aureus (Barber, 1947 Lexington. gators (Blair, Carr, and Buchman, 1946) claim tha penicillinase-producing staphylococci are permanently resistant to penicillin, Barber (1949) found that penicillinase-producing strains of S. aureus spontaneously give rise to sensitive variants. Transduction of the penicillinase marker in S. aureus was first demonstrated by Ritz and Baldwin (1958) . Pattee and Baldwin (1961) reported that several phages of the International Typing Series were capable of transducing the capacity to produce penicillinase, as well as resistance to other antibiotics. By the use of transductional studies, the nature of the loci controlling tryptophan (Ritz and Baldwin, 1962) and methionine (Humbert and Baldwin, 1963) plates. After incubation for 24 hr at 37 C, plates containing fewer than 200 colonies were replicated onto TSA containing 100 units of penicillin per ml. Colonies which did not grow on the medium containing penicillin were tested by the iodometric method for production of detectable amounts of penicillinase (Perret, 1954) Bacteriophages and transduction procedure. The methods used for the propagation and maintenance of bacteriophages and the transduction techniques were similar to those described by Pattee and Baldwin (1961 aurems containing 2 X 1010 to 5 X 10'°cells were used in the transduction experiments. The selective medium consisted of BHI Agar plates containing 0.12 units of penicillin per ml (Ritz and Baldwin, 1958) .
Physiological characterization of mutants. The replica plating method of Lederberg and Lederberg (1952) (Table 3) . Although frequencies of loss of resistance were rather low with both acridines, proflavine was less effective in converting the resistant cells to the sensitive state. Similar results were obtained with strain U40. Penicillin-sensitive strains isolated after acridine treatment were similar in all respects to the mutants isolated after treatment with other mutagenic agents. Although more than 6 ', of the penicillin-resistant cells were changed to the sensitive state by treatment with acridine orange, this agent was not effective in inducing other mutations. Of 1,500 colonies tested, 1 colony was methioninedependent and a single colony was unable to synthesize tryptophan. All of the 1,500 colonies were resistant to chlortetracycline and were biotinindependent, as was the parent strain U9W.
DISCUSSION
Transduction of the capacity to produce penicillinase among staphylococcal strains has been reported by other investigators (Ritz and Baldwin, 1958; Pattee and Baldwin, 1961) , and is confirmed in this study. In addition, the results of this investigation indicate that higher rates of transduction are obtained when the penicillinaseproducing donor strain and the recipient strain are closely related genetically. Under the conditions of these experiments, the highest rates of transduction were observed when phage 53 was used as the carrier of the penicillinase marker from strain 655 to the two mutants derived from this strain. This is in contrast to the results of Pattee and Baldwin (1961) , who obtained the highest frequencies of transduction when phage 80 was used as the transducing phage.
If the penicillinase marker were located on the chromosome of S. aureois, the inability of the mutants to revert to prototrophy and their failure to produce recombinants with each other suggest that either crossing over, leading to viable recombinants, cannot occur at all within the length of the chromosome over which the mutations extend, or, if it does occur, the recombinants cannot be recognized because they do not have the wildtvpe phenotype. The first condition could be produced by chromosomal aberrations such as deletions, and the second condition could result from simultaneous alternations at several adjacent sites. The overlapping of the altered sites in the penicillinase locus would indicate that the genetic material is unusually fragile in this area, so that multisite mutations arise more frequently in this region than elsewhere.
Although phage 80 was utilized in two systems in this investigation (in conjunction with strains U9W and IT40), similar results were obtained with S. aureuis 655 and phage 53. Therefore, it is felt that failure to obtain recombinants is not due to some unique characteristic of the bacteriophages or of the donor strains. The loss of a characteristic after acridine treatment (Hirota, 1960) has been accepted as indirect evidence of the presence of a particle in the autonomous state. Since recombinants were never obtained by reciprocal crosses and the capacity to produce penicillinase was eliminated by acridine dyes, the obvious conclusion is that the factor controlling penicillinase production in S. aureuis exists as a cytoplasmic (Hirota, 1960) . However, low rates of elimination of resistance factors from shigellae also were reported by Watanabe (1963) , who postulated that the low frequencies of elimination might result from the prevalence of integrated or chromosome-attached factors of multiple drug resistance. The F factor in the integrated state cannot be eliminated by acridines. A similar situation may exist with respect to the determinant controlling penicillinase production by S. aureus.
Our results indicated that acridine orange was more effective than was proflavine in eliminating penicillin resistance. Highest rates of elimination were also obtained when the medium was adjusted to pH 7.6. Similarly, Hirota (1960) found that these conditions were necessary for optimal elimination of the F factor. Recently Mitsuhashi et al. (1963) described the elimination of resistance to antibiotics of the macrolide group by treatment of resistant strains of S. aureus with acriflavine. These authors were unable to accomplish elimination of penicillin resistance in their strains, which showed the same phage-typing patterns as the strains used in this study. This seems to indicate either that there are marked differences among specific strains or that specially controlled conditions are required for elimination of resistance.
Owing to the lack of evidence for a system of conjugation among the staphylococci, it is impossible to determine whether the determinant responsible for penicillin resistance of S. aureus alternates between a state of stable attachment to the chromosome and a state of autonomy. Determinants capable of this alternation of states were named episomes (Jacob and Wollman, 1961) . Likewise, stable attachment of the determinant controlling penicillinase production cannot be excluded experimentally, and, as a result, it cannot be termed correctly a plasmid (Lederberg, 1952 
